Halophiles are excellent sources of enzymes that are not only salt stable but also can withstand and carry out reactions efficiently under extreme conditions. The aim of the study was to isolate and study the diversity There is significant diversity among halophiles from saline habitats of India. Preliminary characterization of crude hydrolases established them to be active and stable under more than one extreme condition of high salt, pH, temperature and presence of organic solvents. It is concluded that these halophilic isolates are not only diverse in phylogeny but also in their enzyme characteristics. Their enzymes may be potentially useful for catalysis under harsh operational conditions encountered in industrial processes. The solvent stability among halophilic enzymes seems a generic novel feature making them potentially useful in non-aqueous enzymology.
INTRODUCTION
Screening of new source of novel and industrially useful enzymes is a key research pursuit in enzyme biotechnology.
For applications in industrial processes, the enzymes should be stable at high temperature, pH, presence of salts, solvents, toxicants etc. In this context, the halophiles have emerged as a vast repository of novel enzymes in recent years. Enzymes derived from halophiles are endowed with unique structural features and catalytic power to sustain the metabolic and physiological processes under high salt conditions. Some of these enzymes have been reported to be active and stable under more than one extreme condition (14, 17, 30) .
Halophiles have mainly been isolated from saltern *Corresponding Author. Mailing address: Enzyme and Microbial Biochemistry Laboratory, Department of Chemistry, Indian Institute of Technology, Delhi, Hauz Khas, New Delhi 110016, India.; Tel.: +91 11 2659 6533 Fax +91 11 2658 1102.; E-mail: skhare@rocketmail.com / skkhare@chemistry.iitd.ac.in crystallizer ponds, the Dead Sea, solar lakes and hypersaline lakes (24, 34) . Culture dependent diversity studies on halophiles have been done from Tunisian Solar Saltern (4), Tuzkoy salt mine, Turkey (6) , Howz Soltan Lake, Iran (28) and hypersaline environments in south Spain (29) . In Indian context, the halophilic diversity has been limited to the marine salterns near Bhavnagar (9) , Lonar Lake (16) and Peninsular coast (26) . Enzymatic diversity among halophiles of Indian origin has hardly been profiled. A systematic study on diversity of halophiles from different saline habitats of India would be of great importance, especially comparison of biochemical, metabolic and enzymatic characteristics among them.
The present study focuses on the (i) isolation of moderate halophiles from various saline habitats of India viz. coastal regions of Gujarat, Goa, Kerala and Sambhar Salt Lake, Rajashthan (ii) screening for industrially important enzymes (especially amylases, lipases and proteases) and (iii) studying novel properties in these enzymes.
MATERIALS AND METHODS

Isolation of enzyme producing halophiles
Soil and water samples were collected from Sambhar Salt Lake (Rajasthan, 26°58′N75°05′E), sea coast of Kozhikode (Kerala, 11°25′N75°77′E), Goa (Goa, 15°59′N73°73′E), Nagoa 
Screening of hydrolase activities
Hydrolase producing bacteria among the isolates were screened by plate assay on starch, tributyrin and gelatin agar plates for amylase, lipase and protease respectively. 
Enzyme assay
Amylase was assayed following the method of Bernfeld Samples were withdrawn from aqueous phase and residual enzyme activity estimated. Enzyme incubated without solvent was treated as control.
All the experiments were done in triplicate and the variation was within ±5%.
RESULTS AND DISCUSSION
Isolation of halophiles and screening of hydrolase producers
Halophiles have been perceived as a potential source of industrially useful enzymes endowed with exceptional stabilities. The present study was undertaken to screen stable enzymes from halophiles occurring in saline habitats of India.
The site dependent diversity of halophiles from west coast, south coast and Salt Lake located in western part of India was investigated. A total of 108 halophilic isolates producing hydrolases were isolated by salt (NaCl) and substrate (starch/ olive oil/ gelatin) enrichment.
Distributions of hydrolytic activity among the isolates are summarized in Table 1 . Seventy eight isolates secreted only one predominant enzyme, protease (33), lipase (23) and amylase (22) respectively. Nine isolates produced both lipase and protease, whereas one isolate showed all three activities.
Based on ratio of zone of clearance diameter to colony diameter, twenty one isolates were selected for further study. The GenBank accession numbers of the isolates along with their closest phylogenetic neighbour are presented in Table 2 .
Geomicrobium was the most common genus, six halophilic isolates affiliated to this genus showed similarity to Geomicrobium halophilum. The genus Marinobacter was found only from the Oceanobacillus iheyensis (21) and Geomicrobium halophilum (10) have been isolated from Great Salt Lake, Iheya ridge and soil samples from Japan respectively. 
Screening and preliminary characterization of the halophilic enzymes
Since the basic objective of study was to screen novel/ stable enzymes among halophiles, the isolates were grown in culture media to obtain crude enzyme for further characterization. Amylase, lipase and protease were chosen for the study, considering their high industrial usage. Maximum amylase was produced by Marinobacter sp. EMB8. Lipase and protease production level were maximum in Marinobacter sp.
EMB5 and Bacillus sp. EMB9 respectively.
Crude enzymes were partially characterized to investigate their properties and stability (Table 3) . Their optimum salt requirement in most cases was in the range of 1-2%. These were optimally active at pH 9.0 or above, in general. Their temperature optimum ranged between 50-65 °C. Interestingly, all the hydrolases were stable in organic solvents. Based on these results, hydrolases from moderate halophiles can be categorized to be alkaline in nature, moderate in salt requirement and endowed with solvent stability, a common novel feature among all. protease has been reported to be salt tolerant and stable in organic solvents (32) .
Solvent stability a generic novel feature in halophiles
Solvent stability as a generic feature marks these novel enzymes for further study. Solvent stability has been observed as a novel trait among the halophilic enzymes in recent years (15) . Solvent stability in halophilic enzymes may be attributed to the fact that they work in low water activity caused by high salt surroundings. Such enzymes are potentially useful in synthesis applications (12) . Halophilic hydrolases investigated in present study were stable in 25% (v/v) concentration of hexane, cyclohexane, decane, dodecane and toluene.
Amylase from Haloarcula sp. strain S-1 remained active and stable in presence of 66% benzene, toluene and chloroform (11) . Solvent stable proteases have been reported from Halobacterium salinarum (19) and Geomicrobium sp. EMB2 (17) .
All the 108 hydrolase producers isolated from diverse saline habitats of India belong to moderate halophiles category.
Moderately halophilic bacteria constitute the most versatile group of microorganisms that could be used as a source of saltadapted enzymes. These have advantage over extreme halophiles in that they do not have a strict salt requirement and grow in wide salt range. Solvent stability of amylase, lipase and protease from these halophilic isolates make them potentially useful for application in non-aqueous enzymology for synthesis of oligosaccharides, esters and peptides.
